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1 INTRODUCTION 
The steady turbulent water flow under a sharp edged sluice gate and subsequent downstream water 
flowing formations, belong to some of the most important low head hydraulic phenomena which are 
appearing in practice within rectangular open channels. Depending on further downstream water flow 
regulation, the flow beyond the sluice gate may permanently be free or submerged. 
Fig.1 schematically shows the general flow case, where the free surface water channel is inclined 
(angle φ, Jo=sinφ) and includes a discharge measuring hydraulic structure, i.e. a sluice gate perpendicular 
to the channel floor-which has the same width as the channel-with a lower aperture b and a downstream 
regulating gate. 
The water free surface profile is gradually varied upstream, and horizontal-beyond a depth d3-
downstream. The water discharge per unit channel width is q, the most important cross sections are 1 
(water depth d1) and 3 (depth d3) with d1≥d3, while a significant role play the free flow depth d2 (when the 
regulating gate is fully opened) and depth ds-when the regulating gate is closed enough. All depths are 
perpendicular to the floor, while when ds is larger than d2 the entire flow is "submerged", a hydraulic 
phenomenon which may due not only to a regulating gate but even to a downstream obstacle. 
Furthermore depths d1 are taken at a sufficient distance from the sluice gate. Then head of the flow is the 
small difference between water levels upstream and downstream of the sluice gate. 
In case of submerged flow an inner water flow region is created, the recirculating roller, within which 
the local total discharge is zero, while this roller contributes with its weight in increasing the underflow 
local pressures. In cross sections 1 and 3 the local pressures are generally considered as hydrostatically 
distributed. 
The onedimensional equations (per unit channel width) between sections 1 and 3 along the flow, are 
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In this investigation the discharge is expressed through the well known equation, 
q=cd·b·[2·g·(d1-d3)]1/2=cd·b3/2·[2·g·{(d1-d3)/b}]1/2, 
where cd is a function of angle φ and (d1-d3)/b, 
cd=f´[φ, (d1-d3)/b].
Since q, b, d1, d3, are measured in the laboratory cd may determined and correlated to angles φ and (d1-
d3)/b. 
When d3→d2 (free flow) then q is larger than in the case d3≠0 (submerged flow) and this is natural 
because of the smaller water mass over the free flow. This means that for (φ, d1)=const. and decreasing d3 
(or increasing d1-d3) the discharging outflow is expected to increase. Also it should be noted, that at cross 
section 2 the upper stream line of the free flow coincides with the lower limit of the roller-along a small 
length from sluice gate aperture. 
2 PREVIOUS WORKS 
The basic elements of the water flow under a vertical sluice gate within an horizontal open channel may 
be found in Chow’s, (1959), or Henderson’s (1966), books, or in the papers by Covinda et. al. (1963), and 
Pajer (1937). Retsinis (2003), has performed a large number of measurements on sluice gate underflows 
within a sloped open channel. 
Demetriou (2006), Dimitriou et. al. (2010), Retsinis et. al. (2004), and (2005), and Demetriou et. al. 
(2006), have also presented their investigations on sluice gate underflows within sloped open channels. 
Finally Demetriou (2007), has measured the contraction coefficient for free flows under sluice gates 
within inclined open channels. 
3 THE EXPERIMENTAL MESUREMENTS 
All experimental measurements were performed in a small tilting perspex channel. The discharges were 
volumetrically measured, the depths were determined with accurate level gauges, while the Reynolds 
numbers were large enough. Angles φ were 0o-1o-2o-3o-4o-5o-6o, while the apertures b varied between 3 
cm and 5 cm. When measuring various flow properties it is obvious that they are affected by existing 
quantities which are included in a phenomenon (water weights, exercised forces, e.t.c.). 
In the following Tables 1, 3, all final experimental results are presented, after rejecting some erroneous 
measurements. 
4 RESULTS. ANALYSIS AND DISCUSSION 
Table 1 presents A measured values-vs angles φ and Fr3. Based on these values eq. (5) is expressed, from 
which A predicted values are resulting and put also in Table 1, showing a good agreement to A measured 
values, i.e. eq.(5) is a correct equation, since both groups of A are practically coinciding. 
Table 1. A vs angles φ and Fr3. 








6 0.063 0.062 0.062 4 0.274 0.348 0.351 
6 0.065 0.065 0.065 4 0.407 0.610 0.613 
6 0.069 0.071 0.072 4 0.423 0.640 0.645 
6 0.084 0.097 0.097 4 0.435 0.670 0.670 
6 0.089 0.105 0.106 3 0.082 0.046 0.046 
6 0.098 0.123 0.123 3 0.128 0.089 0.088 
6 0.106 0.138 0.139 3 0.138 0.099 0.099 
6 0.108 0.142 0.143 3 0.148 0.111 0.110 
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6 0.109 0.143 0.144 2 0.162 0.095 0.094 
6 0.111 0.148 0.147 2 0.182 0.115 0.114 
6 0.112 0.149 0.149 2 0.201 0.134 0.135 
6 0.113 0.151 0.152 2 0.205 0.138 0.139 
6 0.115 0.155 0.156 2 0.213 0.149 0.148 
6 0.118 0.160 0.162 2 0.228 0.165 0.166 
6 0.366 0.771 0.769 2 0.246 0.185 0.187 
5 0.116 0.126 0.127 2 0.260 0.206 0.206 
5 0.131 0.152 0.152 2 0.452 0.471 0.473 
5 0.136 0.161 0.161 1 0.209 0.108 0.108 
5 0.141 0.171 0.169 1 0.216 0.114 0.115 
5 0.148 0.179 0.180 1 0.217 0.115 0.115 
5 0.149 0.181 0.182 1 0.234 0.131 0.132 
5 0.149 0.182 0.183 1 0.238 0.136 0.136 
5 0.174 0.229 0.227 1 0.257 0.155 0.156 
5 0.183 0.247 0.245 1 0.273 0.173 0.173 
5 0.197 0.270 0.272 1 0.306 0.209 0.211 
5 0.276 0.432 0.436 1 0.311 0.215 0.217 
5 0.319 0.534 0.533 1 0.372 0.293 0.290 
5 0.327 0.548 0.551 0 0.175 0.055 0.055 
5 0.351 0.607 0.606 0 0.217 0.087 0.086 
4 0.095 0.075 0.075 0 0.247 0.113 0.112 
4 0.095 0.075 0.075 0 0.428 0.298 0.296 
4 0.110 0.093 0.093 0 0.464 0.331 0.333 
4 0.122 0.109 0.109 0 0.477 0.343 0.346 
4 0.133 0.124 0.123 
The correlation coefficient is r2=0.9999. 
The maximum difference between A 
measured and predicted, is less than ±1%. 
4 0.178 0.186 0.188 
4 0.204 0.231 0.229 
4 0.224 0.265 0.263 
4 0.237 0.286 0.286 
4 0.244 0.296 0.298 
4 0.253 0.312 0.313 
4 0.255 0.320 0.317 
4 0.257 0.321 0.321 
Based on the above measured values and a computer program the following accurate equation may be 
determined (φ in degrees): 
A=a1+b1·φ+c1·Fr3+d1·φ2+e1·𝐹𝑟32+f1·φ·Fr3+g1·φ3+h1·𝐹𝑟33+i1·φ·𝐹𝑟32+j1·φ2·Fr3,  (5) 
where a1, b1, c1, d1, e1, f1, g1, h1, i1, j1, arithmetic coefficients given in Table 2. Eq. (5) holds for 0o≤φ≤6o and 0.06≤Fr3≤0.46. 
Table 2. Arithmetic Coefficients for eq. (5). 
a1 b1 c1 d1 e1 f1 g1 h1 i1 j1 
0.001401 0.004750 -0.179177 -0.001550 3.250996 0.076825 -0.000015 -2.866600 0.075774 0.025879 
All predicted A values from eq. (5) and Table 2 are also shown in Table 1. 
Based on eq. (5) and Table 2, Fig. 2 presents an iso-A diagram for 0.05≤A≤0.75 with an A step of 0.05. 
When angle φ=const. A are strongly increasing with Fr3, while for Fr3=const. A are smoothly increasing 
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φο D cd measured 
cd 
predicted φ
ο D cd measured 
cd 
predicted 
4 0.125 0.309 0.308 1 7.215 0.650 0.649 
4 0.197 0.311 0.312 0 1.643 0.454 0.450 
4 0.203 0.310 0.312 0 1.787 0.445 0.452 
4 0.215 0.319 0.313 0 1.840 0.449 0.453 
4 0.226 0.314 0.313 0 3.116 0.482 0.488 
4 0.288 0.318 0.316 0 4.964 0.515 0.514 
4 0.303 0.315 0.317 
The correlation coefficient is r2=0.9968. 
The maximum difference between cd,  measured 
and predicted, is ±2%. 
4 0.306 0.316 0.317 
4 0.459 0.321 0.322 
4 0.609 0.331 0.325 
4 0.707 0.329 0.326 
4 1.440 0.327 0.332 
4 1.510 0.331 0.333 
4 1.640 0.337 0.334 
3 1.030 0.355 0.358 
3 1.088 0.358 0.359 
3 1.152 0.357 0.359 
3 1.682 0.357 0.364 
3 1.726 0.364 0.364 
3 2.930 0.389 0.395 
2 0.138 0.400 0.404 
2 0.493 0.413 0.418 
2 0.517 0.418 0.418 
Based on the measured cd values and a computer program the following equation may be determined (φ in 
degrees), 
cd=a2+b2·φ+c2·φ2+d2·φ3+e2·φ4+f2·φ5+g2·D+h2·D2+i2·D3+j2·D4+k2·D5, (6) 
where a2, b2, c2, d2, e2, f2, g2, h2, i2, j2, k2, arithmetic coefficients given in Table 4. 
Table 4. Arithmetic Coefficients for eq. (6). 
a2 b2 c2 d2 e2 f2 g2 h2 i2 j2 k2 
0.412176 -0.09631 0.168171 -0.09995 0.021977 -0.00160 0.081869 -0.07922 0.035335 -0.00638 0.000399 
Eq. (6) holds for 0o≤φ≤6o and 0.07≤D≤7.07 and may apply for any intermediate angle φ and D parameter. 
Based on eq. (6) and Table 4, Fig. 3 shows an iso-cd diagram for 0.30≤cd≤0.62 with a step of 0.02. 
When angle φ=const., in general cd are rapidly increasing with D, while when D=const. cd are strongly 
decreasing with increasing angle φ, i.e. cd is really depending on both φ and D. For φ=0ο and increasing D 
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